Abstract-For pulsars in globular clusters, we suggest using observations of the relativistic time delay of their radiation in the gravitational field of a massive body (the Shapiro effect) located close to the line of sight to detect and identify invisible compact objects and to study the distribution of both visible and dark matter in globular clusters and different components of the Galaxy. We have derived the dependences of the event probability on the Galactic latitude and longitude of sources for two models of the mass distribution in the Galaxy: the "classical" Bahcall-Soneira model and the more recent Dehnen-Binney model. Using three globular clusters (M15, 47 Tuc, Terzan 5) as an example, we show that the ratios of the probability of the events due to the passages of massive Galactic objects close to the line of sight to the parameter f 2 for pulsars in the globular clusters 47 Tuc and M 15 are comparable to those for close passages of massive objects in the clusters themselves and are considerably higher than those for the cluster Terzan 5. We have estimated the rates of such events. We have determined the number of objects near the line of sight toward the pulsar that can produce a modulation of its pulse arrival times characteristic of the effect under consideration; the population of brown dwarfs in the Galactic disk, whose concentration is comparable to that of the disk stars, has been taken into account for the first time.
INTRODUCTION
Detection of the cosmic microwave background anisotropy (WMAP) and investigation of the spatial distribution of galaxies and their clusters (SDSS) (Tegmark et al. 2004 ) have allowed the most probable values of the most important cosmological parameters, such as the baryon density, the total matter density, and the cosmological constant, to be obtained. Analysis of the observational data has revealed that the visible matter accounts for only a few percent of the total mass of the Universe and the observation of dark matter and the determination of its nature are among the key problems in cosmology. Analysis of the rotation curves for spiral galaxies from Rubin et al. (1980) indicated that the mass of the galaxies required to explain these curves is a factor of 10 larger than the total mass of all the known spiral galaxy components (stars, gas, dust). In addition, Ostriker et al. (1974) showed that the galactic disks are unstable without a massive halo whose composition is * E-mail: tanya@lukash.asc.rssi.ru ** E-mail: aal@hea.iki.rssi.ru unknown. These conclusions are also valid for our Galaxy; it is believed that its disk does not contain any significant amount of dark matter, while more than 90% of the halo matter is unobservable (Kuijken and Gilmore 1991; Roulet and Mollerach 1997) . This dark halo may consist of both baryonic and nonbaryonic matter. In the former case, massive compact halo objects (MACHOs), such as brown dwarfs, primordial black holes, white dwarfs, Jupiter-like planets, etc., may constitute the dark halo mass (Carr 1994) . In the latter case, the nonbaryonic matter may be represented by weakly interacting massive particles (WIMPs) that are also capable of clumping into compact dark matter objects (Berezinskiy et al. 2003) .
The problem of dark matter detection also exists on smaller scales than the scale of the Universe. As was shown by Heggie and Hut (1996) , low-mass stars and white dwarfs, which are unobservable because of their low luminosity, constitute half of the mass of globular star clusters. In contrast to the population of light objects, heavy stars tend to sink to the cluster core as a result of mass stratification. Consequently, one might expect the dark component of a cluster to be detected on its periphery. The presence of a significant amount of dark matter forces the researchers to search for methods of its detection.
One of these methods of searching for dark mass in the Galaxy is to use the characteristic variability of the light curves for certain stars in the Large and Small Magellanic Clouds (Paczynski 1986), i.e., to search for microlensing events. The necessity of monitoring millions of stars and the fact that the detection probability of microlensing events is low are the main problems of this method. The possibility of using extragalactic optical pulsars in searching for dark galactic objects was also discussed (Schneider 1990) . When the signal from a pulsar passes near a massive compact object, its flux is magnified by gravitational lensing. However, apart from flux magnification, a time delay of the signal will also be observed in this case (Krauss and Small 1991) . Thus, in addition to gravitational lensing, another general relativity effect, namely, the relativistic time delay of the signal from a pulsar in the gravitational field of a massive body can be used to detect both baryonic and nonbaryonic dark matter objects, which was suggested by Larchenkova and Doroshenko (1995) . The relativistic travel time delay of an electromagnetic signal in a static, spherically symmetric gravitational field of a point mass is called the Shapiro effect (Shapiro 1964) . Kopeikin and Schafer (1999) generalized the formula for the Shapiro effect to the propagation of light in a variable field of an arbitrarily moving body.
In timing a pulsar whose electromagnetic radiation propagates in the gravitational field of a massive body, the characteristic modulation of the pulse arrival time (PAT) residuals with time will be observed. Analysis of the observational data from long-term timing of the pulsar PSR B0525+21 (Larchenkova and Doroshenko 1995) suggests that the derived behavior of the PAT residuals for this pulsar is well explained by the Shapiro effect. This, in turn, allowed the parameters of the gravitating body to be determined. Subsequently, Wex et al. (1996) considered the possibility of using pulsars behind the Galactic center as a test for studying the mass distribution in the Galactic bulge. The Shapiro effect that results from the passage of a star close to the line of sight to the pulsar was suggested as a possible cause of the pulsar glitches (Sazhin 1986) .
The detection of a significant number of pulsars in the globular clusters 47 Tuc, Terzan 5, and M15 (Freire 2006) makes it interesting to discuss the question of using them to study the dark matter both in the globular clusters themselves and in the Galaxy along the line of sight toward these clusters. The lowfrequency pulsar timing noise in globular star clusters produced by the Shapiro effect and attributable to random passages of cluster stars near the line of sight to the pulsar was considered by Larchenkova and Kopeikin (2006) . These authors also obtained spectral characteristics of this noise process, in particular, the slope of the power spectrum. The latter will allow the noise due to the stochastic Shapiro effect to be distinguished from the low-frequency timing noise of a different nature in the observational data. However, the detection probability of individual relativistic pulsar signal time delay events in globular clusters caused by the passages of both visible and dark objects of the globular cluster itself and Galactic compact objects close to the line of sight remains unclear.
In this paper, we investigate the possibility of observing and detecting single relativistic signal time delay events for pulsars in globular star clusters. In the next section, we give a brief overview of the signal magnification and angular splitting results for the lensing of a point mass and obtain, in the gravitational lens approximation, numerical estimates of the pulsar pulse time delay in the gravitational field of this mass. Next, we provide brief information about the pulsars in globular star clusters and summarize the calculations of the probability of observing relativistic signal time delay events for pulsars in the clusters 47 Tuc, Terzan 5, and M15 for large impact parameters compared to the Einstein-Chwolson radius both on objects of the clusters themselves and on Galactic objects. In the Sections "The Number of Stars" and "The Event Rate," we estimate the number of objects located close to the line of sight to the source and producing the characteristic PAT modulation and the rates of these events, respectively. The results obtained are discussed in Conclusion.
ANGULAR SPLITTING, MAGNIFICATION, AND TIME DELAY OF THE PULSAR SIGNALS
Let us consider the classical model of gravitational lensing for a point lens (a deflecting body) with mass M . The geometry under consideration is presented in Fig. 1 . The geometrical position of the pulsar (PSR) in the sky is specified by the angle θ s , while the positions of its images are specified by the angles θ + and θ − , where the "+" and "−" signs correspond to the first (+) and second (−) images, respectively, d is the impact parameter of the undeflected light ray. The Einstein-Chwolson radius is defined by the formula (Einstein 1965)
where c is the speed of light in a vacuum, G is the gravitational constant, D s is the distance from the pulsar (PSR) to the observer (O), D ds and D d are
